Abstract Parnassia palustris is an herbaceous perennial with a circumpolar distribution. In Korea it is found in three habitat types: low-altitude high-latitude habitat (LH), mountain stream habitat (MS), and high-altitude low-latitude habitat (HL). This classification is based on soil physicochemical properties and species composition. To find the best habitat type for the maintenance of P. palustris populations, we surveyed vegetation and environmental properties in the three habitat types. All three habitat types had moist soil with low N content. LH had a temperate climate and shallow calcareous soil with a high pH. MS had a thin soil layer with high Ca 2? content, a high pH and heavy disturbance. HL had a low temperature and deep soil layer with a low pH. Co-occurring species in HL were strong competitors compared to co-occurring species in LH and MS. Population increase in MS was higher than in LH and HL. Reproductive traits were also higher in MS than in LH and HL. Of the three habitat types, MS is regarded as the best for P. palustris. We suggest maintaining P. palustris habitats with a sufficient water supply and weak competition to sustain the population successfully. This may further restore the MS habitat to expand the distribution of this species. Our study also provides information relevant to the conservation and restoration of the MS habitat for vulnerable calcicole or early successional species, like P. palustris.
Introduction
Plant species may have diverse habitats in different environments, despite their intrinsic ecological and physiological properties. This indicates that many plant species have the capability to adapt to heterogeneous environments (Barbour et al. 1980) . Even within the same species, environmental responses may differ between different habitats. Conversely, different responses may be shown in the same habitat in some species (Macel et al. 2007; Stanton-Geddes et al. 2012) . Thus the environmental characteristics of a habitat can be important selective pressures for the ecological traits and evolutionary processes of certain species, e.g., population structure, local and regional abundance and genetic diversity (Ribera et al. 2001) . Therefore, it is important to build-up knowledge on environmental characteristics and habitat types to understand population persistence and predict the population dynamics of species of interest (Marten et al. 2006) .
Studies concerning diverse environments where a single species occurs are especially needed to conserve significant species. For example, Buse et al. (2015) stated that current concepts of nature conservation are based on both species and habitat types. They also found different extinction trends in different habitat types due to climate change, which could lead to the extinction of habitat-specific species. Fandohan et al. (2010) found that the regeneration response and population structure of Tamarindus indica differed according to habitat type, leading to differences in its vulnerability. They also discovered an optimum habitat type for the persistence of a T. indica population.
Though Parnassia palustris L., which occurs in diverse habitats, has the widest circumpolar distribution range of its genus, it is becoming extinct. This species has a different extinction rate according to habitat type, e.g., marsh, dune and hillside. Its extinction rate is highest in marsh habitat (Bonnin et al. 2002) . The habitat types of P. palustris are wet dune-slacks, base-rich fen and limestone hillsides in northern Europe (Bonnin et al. 2002) . P. palustris inhabits naturally fragmented sites and adapts to population isolation (Bossuyt 2007) . In addition, this species suffers from anthropogenic habitat fragmentation in some northern European regions (Bonnin et al. 2002) . P. palustris has been regarded as a threatened or rare species in the Netherlands, northern France, Luxembourg, Belgium, Inner Mongolia, and the states of Michigan and Wisconsin (Penskar and Higman 2000; Roem and Berendse 2000; Bonnin et al. 2002; Colling 2005; Liu et al. 2007 ). In addition, the International Union for Conservation of Nature (IUCN) Red List of Threatened Species reports that current populations of this species are decreasing (Lansdown 2014) .
Many studies have been conducted on the genetic diversity and cytogenetic characteristics of P. palustris for its conservation (e.g., Bonnin et al. 2002; Borgen and Hultgård 2003; Bossuyt 2007; Funamoto and Kondo 2012) . Despite the importance of habitat characteristics for the protection of P. palustris, previous studies on this species have not addressed the environmental properties of its habitats in detail. Thus, additional study is needed to identify suitable sites for P. palustris (Penskar and Higman 2000). Comparing P. palustris populations among habitat types can be helpful in finding suitable habitats. In addition, study of the ecological characteristics of P. palustris may help to support the conservation of other endangered Parnassia species like Parnassia kotzebuei (Panjabi and Anderson 2007) .
This study aims to find the best habitat to maintain populations of P. palustris by comparing three habitat types in Korea with respect to population development status, reproductive traits and environmental properties. Many recent studies have examined habitat type through the use of diverse criteria. As climate and soil characteristics are the most important environmental factors with regard to population distribution, development and maintenance (Woodward 1987; Macel et al. 2007; Stanton-Geddes et al. 2012; Buse et al. 2015) , we studied habitat type for P. palustris in terms of these characteristics. Our research questions are as follows:
1. Do any environmental differences exist among the habitat types of P. palustris? What are the important factors for the classification of the habitat types of P. palustris in Korea? 2. Are there differences in the development and reproductive traits of P. palustris populations among habitat types?
3. What is the relationship between environmental factors and the differences between the populations of P. palustris?
Materials and methods

Study species
Parnassia palustris L. (Saxifragaceae) is a perennial early successional species which grows in wet environments. This species has the widest circumpolar distribution range of the genus Parnassia in North America, Europe, Asia and other high-latitude areas (Korta 1972; Simmons 2004) . The Parnassia genus comprises about 70 species (Ding et al. 2005) , most of them found in China (Simmons 2004) . Only two species of this genus (Parnassia palustris and Parnassia alpicola) are present in South Korea (Korea National Arboretum 2014).
Study sites
According to the distribution map of P. palustris based on a plant specimen database (Korea National Arboretum 2014; Fig. 1 ), P. palustris extends into a major mountain range in (Kang 1992) known to be biogeographically important (Nam et al. 2012) . The HL group is situated on gneiss (Kang 2015) . The monthly mean temperature and precipitation from 2009 to 2014 were surveyed by taking into consideration the life cycle of P. palustris (Royal Horticultural Society 2015) . Climate data were from the closest automatic weather stations (Korea Meteorological Administration 2009 to the study sites and were compared between habitat types (Fig. 2) . LH and MS showed lower precipitation and higher temperature relative to HL in the growing (May-July) and flowering seasons (August-October). LH and MS had a similar climate regards both monthly mean temperature and precipitation.
Different hydrological conditions were observed among habitat types. LH was in the catchment of Chungju Lake, 2-4 km from the lake. MS was at the headwater of the valley. P. palustris habitats were distributed from the active channel to the narrow floodplain (Naiman et al. 2010) . Therefore soil water in MS was mainly derived from surface water and overland flow from the hills. HL had higher precipitation than LH and MS. HL1 was in the catchment of Lake Hapcheon. Although there was no lake or stream in HL2 it has a high groundwater level and lower evaporation rate compared to precipitation (Yang 2008) .
Field survey
To collect quantitative data on P. palustris population development and community structure, field surveys were conducted during the flowering season (September-October 2014) . This season is the most suitable time to survey this species in Korea (Penskar and Higman 2000) . Quadrats were established in each site where P. palustris grows based on the modified Braun-Blanquet plant sociological method (Mueller-Dombois and Ellenberg 2003; Kim et al. 2004; Shin et al. 2013) . The quadrat size differed according to the height and density of P. palustris; 0.5 9 0.5-m 2 quadrats and 1 9 1-m 2 quadrats were established for a moderate or low density, respectively (Barbour et al. 1980) ; 0.2 9 0.2-m 2 quadrats were established where P. palustris seedlings occurred at a high density. The number of quadrats varied among the sites depending on population size (Table 1) . Thirty-one quadrats were established in LH, 39 in MS, and nine in HL. To measure density (individual number m -2 ) of every species in a quadrat, we counted individual number of each species including their seedlings. We also measured the mean height (centimeters) of every species after selecting five individuals per species and calculating the average height. We measured coverage (percent) of every species by calculating the proportion of area occupied by each per quadrat area.
Based on these data, relative density (RD; %), relative coverage (RC; %), importance value (I.V; %), and frequency for every species in each site were calculated as follows (Barbour et al. 1980 , Kim et al. 2004 :
RD (%Þ ¼ density of each species sum of every species density Â 100 RC (%Þ ¼ coverage of each species sum of every species coverage Â 100
To compare traits related to reproductive success among habitat types, the number of P. palustris flowers in each quadrat was counted and the number of flowers per individual was calculated. During the fruiting season (OctoberNovember 2014), fruits were collected randomly at each site and fruit diameter measured (millimeters). The number of seeds per fruit and air-dried seed mass per fruit (milligrams) were also measured. The number of seeds was counted by using Image J software (US National Institutes of Health, Bethesda, MD). The mass of one seed (milligrams) was calculated by dividing total air-dried seed mass per fruit by the number of seeds per fruit. Environmental properties of each habitat type were investigated. First, relative light intensity (RLI; %) was calculated as a proportion of the light intensity (micromols per squared meter per second) measured at the height of to P. palustris relative to the light intensity of the open (Lee and Cho 2000) . To measure soil depth (centimeters) in each quadrats, we drove a 1.5-m stainless steel rod into the soil layer at the four edges and center of a quadrat. We measured the depth that the rod penetrated into the soil until the rod could not penetrate further. We calculated average soil depth at five points in a quadrat (Lee and Cho 2000; Martorell and Martínez-López 2014) . Soil samples were collected at the depth of the P. palustris root (about 0-to 5-cm depth) per quadrat. Samples were sealed tightly in plastic bags to prevent the loss of moisture. Thereafter, the soil samples were moved to the laboratory and physicochemical properties analyzed.
Analysis of soil physicochemical properties
As soon as soil samples reached the laboratory they were passed through a 2-mm sieve. Soil water content (percent) was measured by drying samples at 105°C for more than 48 h (Kim et al. 2004) . Organic matter content (percent) was measured based on the loss on ignition (LOI) method (Boyle 2004) . After this the soil samples were extracted with 2 M KCl (Kim et al. 2004) ; the contents of NO 3 -N and NH 4 -N (mg kg -1 ) were measured according to the hydrazine (Kamphake et al. 1967 ) and indophenol methods (Murphy and Riley 1962) , respectively. Likewise, after the soil samples had been extracted using Bray No. 1 solution (Bray and Kurtz 1945) , the content of PO 4 -P (mg kg -1 ) was measured according to the ascorbic acid reduction method (Solorzano 1969) . Cations (K ? , Na ? , Ca 2? and Mg 2? ) were extracted by 1 M NH 4 OAc. The cation content (milligrams per kilogram) was measured using an atomic absorption spectrometer (model AA240FS; Varian). Finally, the pH and conductivity ((micro-Siemens per centimeter) were measured after mixing dried soil and deionized water at a mass ratio of 1:5 and filtering the solution through filter paper.
Statistical analysis
To compare the environmental properties and P. palustris' population status among the habitat types, ANOVA and Games-Howell tests as post hoc tests were conducted. The Spearman correlation test was used to detect significant correlations between the variables. Detrended canonical correspondence analysis (DCCA) was performed under Hill's scaling using a 2nd-order polynomial and 1 % species weight range (Lepš and Š milauer 2003) to verify whether habitat types can be classified by soil physicochemical properties and community structure. We used SPSS 20.0 software (SPSS, Chicago, IL) for ANOVA, the Spearman correlation test and CANOCO for Windows version 4.5 (Microcomputer Power, Ithaca, NY) for DCCA. 2009, 2010, 2011, 2012, 2013, 2014) . Diamonds and solid bars LH, circles and hatched bars MS, squares and dotted bars HL. For abbreviations, see Fig. 1 Results
Environmental properties of the habitat types
Every surveyed environmental factor showed statistically significant differences among habitat types (Table 2) . MS had the highest RLI. There was also a statistically significant difference in RLI between LH and HL. HL showed a significantly deeper soil depth than the other habitat types. The soil layer in MS was shallow and hardly developed compared to that in LH and HL. Many P. palustris plants in MS grew on a moss mat on or between rocks without a soil layer. LH had a less-developed soil layer, but its roots penetrated significantly deeper than those of MS. The soil water content and LOI were the highest in MS. LH had a significantly lower soil water content and LOI relative to other habitat types. There was a significant positive correlation between LOI and soil water content (q = 0.81, p \ 0.0001).
Soil nutrient contents also showed significant differences among the habitat types. The content of NO 3 -N was significantly different and lowest in HL compared to LH and MS, which were not significantly different from each other. On the contrary, the PO 4 -P content was significantly higher in HL compared to LH and MS. The NH 4 -N content was significantly higher in MS compared to in LH and HL. Further, there was a positive correlation between soil water content and NH 4 -N (q = 0.74, p \ 0.0001).
Acidity (pH) in MS and LH was significantly higher than in HL. The pH corresponded with the bed rock in each habitat, which was limestone in MS and LH, and gneiss in HL. In addition, there was a strong positive correlation between pH and Ca 2? content (q = 0.75, p \ 0.0001). The limestone area has soil with a high pH and Ca 2? content (Kang 1992; Nam et al. 2012 ? content was highest in HL and showed a significant difference compared to the other two habitats. The Na ? content in MS was significantly higher than in the other habitat types; there was no significant difference in the Na ? content between LH and HL. The conductivity (EC) was significantly lower in HL than in LH and MS.
Habitat types according to soil variables and species composition
We observed co-occurring species in P. palustris quadrats: 32 species in LH, 42 in MS, and 22 in HL. The major cooccurring species in LH were Miscanthus sinensis (frequency 71 %) and Scabiosa tschiliensis (frequency 55 %). The major co-occurring species in MS was Astilbe rubra (frequency 51 %). The major co-occurring species in HL were Dendranthema zawadskii var. latilobum (frequency 78 %), Arundinella hirta (frequency 78 %) and Rhododendron yedoense f. poukhanense (frequency 56 %). Most of the co-occurring species were shrubs (seedlings), grasses and forbs in LH and MS; however, shrubs with a relatively The DCCA was based on the I.V of every species and all environmental variables (Fig. 3a, b) . Species with marginal I.V were removed at the 1 % level of the species weight range. The first axis accounted for 22.7 % (eigenvalue 0.66) and the correlation score was 0.94 for species-environment relationships. The second axis accounted for 18.7 % (eigenvalue 0.547) and the correlation score was 0.92 for species-environment relationships. P. palustris showed a short distance to the species observed in MS (Fig. 3a) . The species observed in HL had a relatively large distance from P. palustris. As a result, we could verify that each habitat type was relatively well distinguished by species composition and environmental variables.
Based on the correlations between environmental variables and the axis, important environmental variables which distinguish habitat type were found (Table 3 ). The variables except for NO 3 -N, NH 4 -N and EC showed a strong correlation to both axis 1 and 2. In particular, SD, pH and Ca 2? distinguished habitat types (|r| C 0.6).
Comparison of P. palustris populations among habitat types
The traits related to population development status were significantly different among habitat types (Fig. 4) . Density, coverage and I.V of P. palustris at MS were over two times higher than in other habitat types, indicating that MS may have better conditions for population maintenance compared to LH and HL. However, the height of P. palustris was the lowest in MS compared to the other habitat types (Fig. 4d) . In addition, height showed a significantly negative correlation with density (q = -0.428, p \ 0.0001) and I.V (q = -0.245, p \ 0.0001).
The traits related to reproductive success were significantly different among the habitat types except for the number of seeds (Fig. 5) . The flower number per individual plant was higher in MS compared to other habitat types (F = 5.13, p \ 0.01; Fig. 5a ). Fruit diameter was similar between LH and MS, but was significantly lower in HL (F = 15.99, p \ 0.0001; Fig. 5b ). Single-seed mass showed a significant difference between MS and HL (F = 4.34, p \ 0.05; Fig. 5c ). However, the number of seeds per fruit was not different among the habitats (p = 0.27, Fig. 5d ). Fig. 3 Detrended canonical correspondence analysis results of P. palustris and co-occurring species. The importance value for the species weight range over 1 % (a) and distribution of samples according to environmental variables (species name for each number described in ''Appendix'') (b) are given. b Arrows with solid lines have a strong correlation with the axis. Arrows with dashed lines have a weak correlation with the axis. RLI Relative light intensity, WC water content, LOI loss on ignition, EC electrical conductivity, SD soil dsepth; for other abbreviations, see Fig. 1 
Discussion
Comparison of climate and hydrological conditions among habitat types LH and MS had 20-50 % lower precipitation compared to HL (Fig. 2) . In addition, LH and MS were located on limestone soil, which can be subject to aridity because of a high drainage capacity (Kim et al. 1990 ); soil in MS and LH was prone to be dry compared to that in HL. However, the duration of aridity was expected to be short because LH is located in the Chungju Lake catchment, 2-4 km from the lake, and MS is located close to a stream. HL also had moist soil conditions because of higher precipitation and little loss of moisture due to a low evaporation rate (Yang 2008) . Evaporation is a determinant of hydrological conditions in alpine regions (Herbert 1981) ; evaporation rates decrease as altitude increases (Vardavas and Fountoulakis 1996; Lee et al. 2012) . Although the soil water content was significantly different between the three habitats (Table 2) , they were all expected to have a sufficiently moist soil, i.e., more than an average 20 % soil water content.
The temperature in LH and MS was *5°C higher than in HL during the growing and flowering seasons. According to Sandvik and Eide (2009) , when air temperature increases, the productivity of P. palustris increases. The increased production is invested in somatic traits to maintain longer individual survival. Therefore, the higher temperature at LH and MS may maintain P. palustris populations better than those in HL, as the temperature at this latter site is lower (Figs. 2, 4) . Comparison of species composition and environmental properties in the three habitat types A variety of soil physicochemical properties may be important for species distribution and affect inter-specific interactions (Reynolds et al. 1997; Fransen et al. 2001; Rajakaruna and Boyd 2008) . We verified that each habitat type has a different species composition determined by environmental factors (Fig. 3) . LH included calcicolous species, such as S. tschiliensis and Patrinia rupestris. MS included species known to occur in wet soil environments, such as Mukdenia rossii, Carex gifuensis, A. rubra, Salix koreensis and Phragmites japonica. In particular, S. tschiliensis, M. rossii, Spiraea chinensis and C. gifuensis, occurring in LH and MS, are known as phytogeographically important northern species ). These species were relatively close to P. palustris on the DCCA and may have similar responses to environmental factors (Fig. 3a) . HL includes shrubs and tall grasses, like Rhododendron yedoense var. poukhanense and A. hirta. Tall species with a relatively large coverage may compete with P. palustris for light. The one-way ANOVA results (Table 2) indicated that all environmental variables were significantly different among the habitat types. This suggests that the range of P. palustris may be quite wide. Based on the DCCA results, we verified that habitat types could be distinguished by environmental variables as well as geographical characteristics. The habitat types could be classified according to specific variables with high correlation to two axes on the DCCA as follows: LH has a high pH, high Mg 2? content and shallow soil; MS has a high pH, high Ca 2? content and shallow soil; and HL has a low pH, low Ca 2? content and deep soil ( Fig. 3b; Table 3 ).
The differences in environmental properties among the habitat types may be related to differences in the P. palustris populations. We found that MS had better conditions for P. palustris, and HL had the smallest population (Figs. 4, 5) . P. palustris is likely to favor a habitat with a thin soil layer. A shallow soil environment is a harsh and stressful environment for many plant species due to restrictions of water and nutrient availability (Oosting and Anderson 1937; Martorell et al. 2015) . In addition, as soil depth increases, strong competitor domination occurs. Some species have developed an ''escape'' strategy for these kinds of environments (Martorell and Martínez-López 2014) . Other pioneer species are observed only in unfavorable thin soil as a consequence of competitive exclusion (Sharitz and McCormick 1973; Gurevitch 1986 ). In particular, disturbances caused by erosion and flooding frequently occur in riparian areas like MS. Therefore, this type of site is suitable for weakly competitive species favored by bare soil conditions (Nakamura et al. 2000) . P. palustris is an early successional, weakly competitive species (Bonnin et al. 2002 ) that demands a high light intensity and moisture. Accordingly, we suggest that habitat types like MS are suitable for P. palustris as they provide sufficient light and water, and lead to reduced competition with other species.
Parnassia palustris habitats consist of calcareous wetlands, limestone regions, base-rich fens, and occasionally Sphagnum bogs (Wentworth and Gornall 1996; Penskar and Higman 2000; Hájek et al. 2006) . With the exception of Sphagnum bog, these are generally neutral-alkaline environments. The P. palustris population in this study developed better in MS and LH, which were alkaline environments, than in HL, an acid environment (Fig. 4) . According to Roem and Berendse (2000) , P. palustris occurs more frequently in [pH 7; high acidity may be a threat to some endangered species, including P. palustris. Therefore, a low pH may limit the development of a P. palustris population.
Because LH and MS are situated in a limestone region, the soil Ca 2? content and pH were high (Table 2 ). Growth and establishment in response to soil Ca content vary between species (Jefferies and Willis 1964). Some calcicole plants are known to have a high Ca tolerance and are able to grow on basic soil. On the contrary, calcifuge species grow in acid soil and their growth is restricted in basic soils (Marrs and Bannister 1978; Ingrouille 2012) . Grootjans et al. (1991) classify P. palustris as a calcicole. Generally, calcifuge species are strong competitors and are known to show a high growth rate, thus can dominate acid soil environments (Ingrouille 2012) . The MS and LH sites, with high Ca 2? contents in alkaline soil, may be suitable for P. palustris. We expected intensive competition to occur in LH compared to MS because in LH co-occurring species were taller and stronger competitors, e.g.., M. sinensis, resulting in a smaller population and distribution of P. palustris. However, LH environments with high pH and Ca 2? may help reduce competition between P. palustris and strong calcifuge species.
One of the major co-occurring species in LH was M. sinensis, a calcifuge which does not grow well in limestone areas (Kwak et al. 1994) . HL had an acidic soil environment with relatively low Ca 2? content, and was dominated by tall grasses and shrubs like Calamagrostis epigeios, A. hirta and Rhododendron yedoense var. poukhanense. Therefore, P. palustris growing in HL may suffer from competition, leading to a restriction in its population growth. Additional studies are needed to determine how P. palustris can maintain a population despite unfavorable environments, like low pH, low Ca 2? content and strong competition.
Although NO 3 -N and NH 4 -N were significantly different among the habitat types, the average differences are not unlikely to be meaningful when classifying an optimal habitat type for P. palustris ( Fig. 3b; Table 3 ). In addition, all three habitat types had low available N content in common. Inorganic N contents in the three habitat types were approximately 300 times lower than in other forested regions in Korea (Mun 1991; Mun and Choung 1996) and over five times lower than in limestone regions where Euonymus alatus, a known calcicole, grows (Han et al. 2013 ). In addition, Willems (1982) reported that increased nutrient availability due to fertilization caused a decrease in suitable habitat for P. palustris. Moreover, according to Roem and Berendse (2000) , the increase of N:P and N:K ratios threaten some endangered species, including P. palustris, in heathlands and grasslands. These studies and our results indicate that P. palustris is likely to thrive in poor-N environments and that available N content may affect its distribution.
The PO 4 -P content was highest in the HL habitat, which may have affected the population maintenance of P. palustris here as it is a relatively strong competitor for P (Roem and Berendse 2000) .
Comparison on reproductive traits of P. palustris among habitat types Seed number per fruit was not significantly different among the habitat types (Fig. 5d) . However, flower number per individual and seed mass were highest in MS (Fig. 5a ). The flower number per individual in LH was lower than in MS, but seed mass and fruit diameter were similar to those in MS. All measured reproductive traits were lowest in HL compared to the other habitat types, except seed number per fruit. This indicates that reproductive responses of P. palustris vary depending on habitat type. Since seed mass is positively related to seedling performance for some species (Stanton 1984; Lönnberg and Eriksson 2013) , and seedling recruitment is known to affect population dynamics (Walck et al. 2011) , a difference in seed mass among habitat types may affect the population development of P. palustris.
Correlations between flower number, reproductive efficiency and individual survival vary depending on species (Wyatt 1982; Nishikawa and Kudo 1995) . In the case of P. palustris, metabolites were invested first in individual survival and not reproduction, e.g., fruit number and seed mass. This strategy can be advantageous for continual reproduction by increasing the survival probability (Sandvik and Eide 2009). Reproductive investment, like flower number and seed quality, may be higher in MS than in the other habitat types. Thus, environments like MS are expected to be more suitable for the production of sufficient metabolites for both individual survival and reproduction, compared to the other habitat types. Though reproductive traits were lowest in HL compared to MS and LH, P. palustris was tallest in HL (Fig. 4d) . This height response may allow individuals to avoid shading by tall grasses and shrubs. Thus, in environments with low RLI and high competition, e.g., HL, an investment in height may be more important than that in reproduction. This may be more advantageous for perennial P. palustris to maintain a population, though its population size will be small.
Conclusion
All the three habitat types had moist soil environments due to hydrological characteristics. In addition, the habitat types could be classified according to climate, geographical properties, soil physicochemical properties and species composition. P. palustris populations differed in size and reproductive traits among habitat types. Our results suggest that the MS habitat type is the most suitable for P. palustris compared to the others studied because heavy disturbance, a thin soil layer and high Ca 2? content may help this species avoid competition.
Although the populations in LH and HL were smaller than in MS, P. palustris is likely to have strategies to maintain its population in these habitat types. P. palustris is expected to avoid competition with strong calcifuges in LH due to low disturbance because of a calcareous soil with a high pH. In HL, P. palustris is likely to maintain its population by investing in individual survival, rather than reproduction; the species is speculated to be a strong competitor here due to a low soil pH and presence of tall grasses and shrubs.
We conclude that, for the conservation of P. palustris, habitats need to be established with high moisture and high Ca 2? content, a high pH and disturbance stress for the reduction of competition. Our findings will contribute to the conservation and restoration of habitats for vulnerable calcicole or early successional species like P. palustris. Studies are needed to find the causes of differences in physiological and molecular ecological traits of P. palustris populations in different habitat types to elucidate factors which could help in the maintenance of these populations. 
